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Inflammation involves local physiological changes in the permeability of capil- 
laries, in the rate of blood flow, and perhaps in the normal balance of body fluids. 
Increase of capillary permeability is shown by local edema.  With the passage of 
proteins from the plasma into the inflamed area the osmotic relationship between 
tissue fluids and blood plasma is doubtless disturbed.  About 30 years ago Adler 
and Meltzer (1) stated that the passage of fluids from tissue spaces into lymphatics 
probably depends on osmosis perhaps assisted to some extent by titration.  Krogh 
(2)  recently pointed out that the passage of proteins from capillaries increases 
the osmotic pressure of the tissue fluids.  This change in an inflamed area would 
probably modify the passage of fluid into the regional lymphatics which drain the 
inflamed area. 
The dissemination of foreign substances from the site of injection into the iym- 
phatics and blood stream has been studied by various investigators.  Muscatello 
(3) showed that carmine and variofts other inert particles when injected into the 
peritoneal cavity reach the anterior mediastinal lymph nodes very rapidly.  Noet- 
zel (4) injected bacteria (B. pyocyaneus) into the knee joints of rabbits.  5 to 10 
minutes later he was able to demonstrate the presence of the organisms in the 
inguinal,  crural, and lumbar lymph glands.  Buxton (5) found that typhoid bacilli 
when injected into the peritoneal cavity, appeared in great numbers within a few 
minutes in the blood stream.  Wells and Johnstone (6) showed that the absorp- 
tion of bacteria from the peritoneal cavity takes place through lymphatic vessels. 
Within recent years evidence has accumulated to show  that an inflammatory 
reaction at the site of injection might be a factor in delaying the passage of for- 
eign substances into  the blood stream.  Pawlowsky (7)  demonstrated that  the 
dissemination into the blood stream of staphylococci injected into a previously 
inflamed knee joint was either inhibited  or wholly prevented.  The studies  of 
Issayeff  had showed that peritonitis caused by a sterile irritant increased temporar- 
ily the resistance of the animal to subsequent intraperitoneal inoculation of bac- 
teria (8).  Opie (9, 10) showed that foreign protein injected into the dermis of an 
immunized animal was fixed at the site of injection; the contact of antigen and 
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antibody at the site of injection causes an acute inflammatory reaction (Arthus 
phenomenon).  In normal animals,  on the contrary, foreign  proteins when in- 
jected into the dermis caused little if any inflammatory reaction and readily pene- 
trated into the blood stream.  Willis  (11) studied the dissemination  of tubercle 
bacilli from the site of cutaneous inoculation and showed that in reinfected guinea 
pigs the spread of tubercle bacilli from the site of inoculation is retarded, whereas 
in normal animals the organisms pass readily to the regional lymph nodes.  Opie 
(12) recently showed that acute inflammation  of the peritoneal cavity caused by 
aleuronat retards the rush of injected hemolytic streptococci from the peritoneal 
cavity into the circulating blood and after 24 hours completely prevents it. 
The present study was  undertaken in order to determine whether 
various  foreign  substances  passed  to  tributary  lymphatic  vessels 
when injected into an inflamed area.  At first, substances  consisting 
of large particles were used.  Nucleated cells from fowl's blood were 
unsuitable  for  the  experiment  because  they  failed  to  pass  into  the 
regional lymphatics when injected into normal  subcutaneous  tissue. 
Bacillus subtilis was tried with the same negative results.  It was in 
the course of these preliminary observations that trypan blue was tried. 
This vital dye when injected into the subcutaneous  tissue of the ex- 
tensor  surface  of  the  fore-leg of a  rabbit  appeared  within  30  to 40 
minutes  in  the  lymphatic vessels  of the  axilla  (13).  The tributary 
afferent lymphatic vessels, the lymph node, and the efferent lymphatic 
vessel revealed plainly the presence of the dye.  If, however, the dye 
was injected into an area in which an inflammatory reaction had been 
produced some time before, the dye did not  appear in  the tributary 
lymphatics.  The afferent lymphatics, the lymph node, and the effer- 
ent  lymphatic  vessel  remained  colorless.  The  dye  was  evidently 
retained in the inflamed area. 
The Retention of Trypan Blue in Areas of fnflammatlon 
Sterile inflammation  was produced by a mixture of 5 per cent of aleuronat and 
3 per cent of starch in 0.5 per cent saline solution.  Usually 5 cc. of this solution 
were injected into the subcutaneous tissue of the extensor surface of thefom-leg 
of a rabbit 2 or 3 cm. from the shoulder joint.  Either immediately following the 
injection of aleuronat or after varying intervals of time, 3 cc. of a 1 per cent solu- 
tion of trypan blue in saline were injected subcutaneously into the inflamed area. 
The same amount of dye was injected into the other fore-leg to serve as a control. 
The lymph from the efferent lymphatic vessel was collected as recently described 
by Freund and Whitney (14).  To expose the lymphatic the pectoral muscles were VALY  MENKIN  173 
incised and the subclavian  vein exposed, under ether anesthesia.  Alongside  and 
somewhat below the vein  an efferent  lymphatic vessel was seen to emerge from  one of 
the axillary lymph nodes.  The lymph was drawn by puncturing the efferent  lym- 
phatiC and introducing a capillary pipette into it.  On the normal side the lymph 
thus obtained from the efferent lymphatic was stained with the dye.  Varying 
concentration of trypan blue in the lymph was more conspicuous when the capillary 
TABLE  I 
Retention of Trypan Blue at the Site of Inflammation 
Rabbit 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
Interval 
between 
injection  of 
irritant and 
that of dye 
krs. : rains. 
0:00 
0:00  2:00 
0:00  2:20 
0:30  3:30 
1:00  3:40 
2:10  4:30 
4:00  6:00 
19:00  20:30 
19:30  20:30 
20:30  23:00 
22:00  23:00 
22:30  23:00 
22:30  23:30 
23:30  28:30 
24:00 
25:00 
25:00 
20:00 
46:00 
46:15 
46:15 
Duration of 
ivfl~mm~tion 
Lyniph of efferent 
ymphatic 
hrs. : mlns. 
1:30  ++ 
+ 
+ 
++ 
+ 
+ 
++ 
++ 
+ 
++ 
+ 
+ 
+ 
25:30  + 
26:00  ++ 
26:00  faint trace 
27:00  ++ 
47:30  +++ 
48:00  + 
48:15  + 
Presence  of dye on normal 
side 
Lymph 
noae 
++ 
+ 
trace  I 
+ 
++  i 
+ 
+ 
++ 
++ 
+ 
++ 
+ 
+ 
+ 
++ 
++ 
+++ 
++ 
++ 
Presence  of dye on inflamed  side 
LYUl•mh 
of efferent 
phatic 
trace 
+ 
0 
0 
0 
0 
0 
0 
faint trace 
0 
0 
0 
0 
faint trace 
faint trace 
0 
trace 
0 
trace 
0 
Lymph node 
trace 
+ 
faint trace 
0 
faint trace 
0 
0 
0 
trace 
trace 
+ 
0 
0 
faint trace 
pipettes containing lymph were held  against a  white background.  The axillary 
lymph nodes were exposed and removed in order to determine if they were stained 
by the dye. 
The  results  of  this  series  of  experiments  appear  in  Table  I.  A 
colorless lymph is  indicated  by zero;  a  distinctly blue color by one 
plus  (+);  a  dark blue color by two plus signs  (+ +);  and  a  bluish- 174  STUDIES  ON  INFI,AM-~ATION.  I 
black color by three plus signs (+ +  +).  "Trace" or "faint trace" of 
blue refers to barely perceptible staining of lymph or lymph nodes. 
When trypan blue was injected in both fore-legs of the animal im- 
mediately after  the  inflammatory irritant,  the  passage  of  the  dye 
occurred in both the normal and inflamed side with about equal in- 
tensity, but in Rabbit 1 the concentration 9f the dye was less on the 
inflamed side.  If, however,  the  dye was injected only 30  minutes 
after the irritant (Rabbit 4), trypan blue did not pass either into the 
lymph node  or  its  efferent lymphatic vessel  on  the  inflamed side. 
Evidently the fixation or  retention of the  dye in  an inflamed area 
occurs very early and is seen at least 30  minutes after the onset of 
inflammation.  The fixation of the dye at  the site of inflammation 
was proven not merely by the absence of pigment in the tributary 
lymph node but by its failure to appear in the lymph from the afferent 
lymphatic vessels on the inflamed side and its presence on the normal 
side in four rabbits.  Lymph was in most instances obtained 1 to 2 
hours after the injection of the dye.  In one animal (Rabbit  14)  in 
which the lymph was collected after 5 hours the result was the same, 
i.e., fixation of the dye in the inflamed area. 
The Accumulation  of Trypan Blue in Inflamed Areas 
Since trypan blue tends to remain in situ when injected directly 
into the inflamed area,  the attempt was made, at the suggestion of 
Dr. Eugene L. Opie, to determine whether the dye injected into the 
blood stream would accumulate at the site of inflammation. 
A few years ago Lewis (15) found that if the cornea  of a rabbit is inoculated with 
a living culture of the tubercle bacillus, a progressive lesion results characterized 
by an intense congestion  of the conjtmctiva.  24 hours or more after such an in- 
oculation, if the animal is injected intravenously  with trypan red, the fluid in the 
anterior chamber of the inoculated eye always  becomes colored.  He also found 
that an intense conjunctivitis occurs when abrin is dropped in the eye.  Here 
again, when trypan red or trypan blue is injected intravenously at different  stages 
of this inflammation,  the dye appears rapidly in the anterior chamber and in the 
edematous conjunctiva.  RamsdeU (16) injected trypan blue into the veins of 
rabbits and guinea pigs previously treated with foreign serum and found that 
injection of the same serum into the skin of the ear, immediately caused local 
infiltration of the dye into the adjacent tissue.  She regarded this infiltration of VALY  M-ENKIN  175 
the dye as an indicator of edematous changes resulting from toxic injury to the 
capillary endothelium. 
Okuneff (17) found that the application of a  thermal irritant favors the pas- 
sage of vital stains from the blood stream into the area heated.  Kusnetzowsky 
(18) also observed that the local application to  the skin of an irritant  such as 
heat or mustard oil causes an accumulation of trypan blue i  n the inflamed area 
when the dye has been previously injected into the blood stream.  He found the 
dye to be concentrated both in the cells  of the connective tissue and especially  in 
the histiocytes. 
An inflammation was produced by injection of aleuronat into the 
subcutaneous tissue of the fore-leg of a rabbit.  A  1 per cent solution 
of trypan blue was injected  intravenously in varying quantities ranging 
from 5 to 10 cc.  In three rabbits the dye was injected intravenously 
immediately after  injection  of  the  inflammatory irritant  into  the 
fore-leg.  In the remaining experiments the dye was injected at vari- 
ous intervals of time after the inflammatory irritant.  When the in- 
flammatory reaction had proceeded for varying periods of time,  as 
shown in Table II, the area of inflammation and the tributary lymph 
node were exposed and compared with the corresponding normal areas 
on  the opposite  fore-leg to  determine the presence of trypan  blue. 
Even  when  the  dye was  injected intravenously immediately after 
the local injection of irritant, there was a greater accumulation of try- 
pan blue in the inflamed area than in the corresponding normal area. 
On the inflamed side, not merely the deep fascia was more intensely 
stained by the dye but the muscle tissue as well.  The time element 
in the appearance of the dye in the lymph node on the inflamed side 
was noteworthy.  When the dye was injected  immediately after the 
irritant,  the dye appeared in the lymph node in large amounts; but 
if the dye was injected only 1½ hours after the inflammatory irritant 
(Rabbit 25, Table II), less of it seemed to reach the lymph node of the 
inflamed than  that  of the normal side.  The longer the interval  of 
time between the injection of the irritant and that of the dye, the more 
efficient appeared to be the retention of trypan blue by the inflamed 
area, and consequently less of the dye diffused to the tributary lymph 
node. 
A  series of experiments was performed in which the inflammatory 
irritant used was broth (concentrated to 1/14 of its original volume) 
and injected into the dermis of the abdomen.  The dosages ranged 176  STUDIES ON  INFLAMMATION.  I 
from 0.1  cc.  to  0.5  cc.  After varying intervals  of time,  5  to  10  cc. 
of 1 per cent trypan blue were injected intravenously.  In some  rab- 
bits  the  dye  was injected  immediately  after  the  intracutaneous in- 
jection of broth.  Within usually less than I hour after introduction of 
the d)re the small inflamed areas of the dermis appeared intensely blue 
and generally stood out prominently on the surface of the abdomen. 
A few experiments were repeated with bacteria acting as the inflamma- 
TABLE II 
Accumulation  of Trypan  Blue  in Inflammatory  Areas 
Interval of 
Rabbit  time between  •  "  [ • •  .-  o  o [ Duration  of  lnecuon  t  •  mma"  No.  im~tant..,  and  mill  Uon 
that of dye 
[  hrs.:rains.  I  krs.tmins. 
22  0:00  1:15 
23  0:00  3:20 
24  0:00  19:00 
25  1:30  24:00 
26  2:30  28:00 
27  4:00  6:30 
28  4:30  6:30 
29  4:30  24:00 
30  5:45  7:00 
31  19:00  20:00 
32  20:45  21:30 
33  21:05  22:00 
34  24:00  47:00 
35  45:45  47:30 
36  45:50  47:00 
Presence of dye on normal side 
Normal area 
corresponding to 
area of  inflam- 
mation 
trace 
trace 
+ 
trace 
t~ace 
faint  trace 
trace 
+ 
0 
trace 
+ 
faint trace 
0 
faint trace 
faint trace 
Lymph  node 
+ 
++ 
trace 
+++ 
++ 
0 
trace 
faint trace 
++ 
faint trace 
0 
++ 
trace 
Presence of dye on inflamed 
side 
Inflamed  Lymph  node 
area 
++  trace 
+++  ++ 
+++  ++ 
++  + 
++  + 
+++  0 
+ + +  faint trace 
+++  + 
+++  faint trace 
++-{-  faint trace 
+ + +  trace 
+++  0 
+  0 
+ +  faint trace 
+ +  trace 
tory irritant.  0.1  cc. of a  saline suspension of Stapkylococcus  aureus 
was injected  into  the  dermis  of  the  abdomen  followed a  few hours 
later  by intravenous  injection  of  trypan blue.  Within  a  relatively 
short time (he tissues in the site of inflammation appeared markedly 
stained.  In  many  cases  these  areas  showed  a  pale  reddish  central 
zone surrounded by an intensely dark blue band measuring about 0.3 
cm. in width.  The localization of intravenously injected trypan blue 
in inflamed areas of the dermis was evident in 32 out of 36 experiments. VALY  MENKIN  177 
Rabbit 
33 
31 
22 
37 
26 
25 
38 
34 
39 
(aleuro- 
nat) 
Duration of 
imqammstion 
~.:mins. 
0:38 
0:45 
1:15 
1:00to3:30 
1:30to4:30 
3:00 
4:00 
6:30 
21:05 
No. of inflamed areas 
on abdomen 
4 
2 
4 
6 
5 
3 
4 
No. of experiments  in 
which inflamed areas 
were stained blue by the 
fixation of trypen blue 
The central zone which hasa red congested appearance and which 
is often seen in these intracutaneous areas of inflammation is perhaps 
due to thrombosis of small vessels.  Histological sections of such areas 
reveal  some  thrombosed  vessels  with  acute  inflammatory  changes 
in the surrounding tissue. 
The  Fixation  of  Trypan  Blue  by  an  Ingamrnatory Reaction  in  the 
Faritoneal Cavity 
It is well known that the retrosternal lymph nodes of the anterior 
mediastinum drain the peritoneal cavity.  Years ago Muscatello (3) 
pointed out that carmine and various inert particles injected intra- 
peritoneally into dogs reach the anterior mediastinal lymph nodes 
very rapidly.  Oknneff (19) recently pointed out that  certain sub- 
stances injected intraperitoneally such as animal charcoal,  casein or 
gelatine delay the absorption into the blood stream of trypan blue 
when the dye is injected in the abdominal cavity either simultaneously 
or within thirty minutes after the injection of these substances.  The 
mechanism involved was  thought to  be  an  adsorption  of the dye 
by these substances.  As already mentioned Opie (12) has  recently 
reported  experiments  in  which  hemolytic  streptococci,  injected 
into the peritoneal cavity of rabbits, appeared within 10 minutes in 
the blood stream.  If 24 hours prior to the injection  of these bacteria a 
sterile inflammatory irritant, such as aleuronat, had been injected into 178  SZVDIES  ON  INYLAMMATION.  I 
the peritoneal cavity, the organisms were prevented from reaching the 
blood stream.  In view of this  interesting study,  trypan  blue was 
injected into the peritoneal cavity of normal rabbits and into that of 
animals which had previously received an intraperitoneal injection of 
aleuronat. 
About a half hour after the injection of the dye into the peritoneal 
cavity of normal rabbits, the pigment was found in the lymph of the 
retrosternal lymphatics.  The retrosternal lymph nodes also appeared 
TABLE  III 
Retention of Trypan Blue by Inflammation in fke Peritoneal Cavity 
Experiment 
1 
2 
3 
4 
5  (Neutral 
red) 
6 
7 
8 
9 
10 
Interval  of time 
between injection 
of irritant and 
that of dye 
hrs. : mlr~. 
0:00 
2:00 
5:08 
22:45 
23:00 
23:10 
24:00 
24:00 
27:30 
27:55 
Duration  of 
inflammation 
hrs.: rains. 
0:34 
2:33 
6:00 
28:00 
24:00 
49:00 
25:40 
29:00 
29:20 
30:00 
Presence of dye in the retrosternal 
lymph  nodes 
Injected trypan 
blue  controls 
+÷ 
++ 
++ 
-l-++ 
+÷ 
÷+÷ 
÷÷-}- 
-i-÷+ 
+++ 
+++ 
Animals  with 
peritoneal 
inflammation 
++ 
+ 
0 
trace 
0 
++ 
trace to -I- 
trace 
faint trace 
÷ 
deeply stained with the dye.  The peritoneal cavity was stained only 
moderately.  However, when trypan blue was injected into the in- 
flamed peritoneal cavity, the retrosternal lymphatics and .the retro- 
sternal lymph nodes either failed to show the presence of the dye or 
occasionally  showed it  only in  traces.  The peritoneal  cavity  was 
much more deeply stained than in normal animals.  Clumps or pre- 
cipitates of the dye were conspicuous on the omentum and on the 
peritoneal surface of the diaphragm. 
The amount of aleuronat used was either 5 cc. or 10 cc.  The dye 
was injected immediately after the irritant or else after varying in- 
tervals of time.  Usually 5 cc. of I per cent trypan blue were injected VAT.Y ~a~NKn~  179 
intraperitoneally.  After  varying  periods  of  time  the  retrosternal 
lymph nodes of normal and injected animals were examined for the 
presence of  the  dye.  The  results are shown in Table III.  When 
the dye was injected immediately after the irritant, the retrosternal 
lymph nodes of normal animals and of those with an inflamed peri- 
toneal cavity were equally colored by the dye (Experiment 1).  If, 
however, the inflammation had been in progress as long as 2 hours 
when the dye was injected, the appearance of trypan blue in the retro- 
sternal lymph nodes was conspicuously less than in the lymph nodes 
of the control aniinal.  The dye is evidently prevented from leaving 
the peritoneal  cavity by  the inflammatory reaction.  This  fixation 
of dye is  analogous  to  that  of  hemolytic streptococci observed  by 
Opie  (12). 
CONCLUSIONS 
Trypan blue injected into normal subcutaneous tissue pas~es rapidly 
to the regional lymphatic node and is found in lymph drawn from its 
efferent lymphatic. 
When the dye is injected into the normal peritoneal cavity it rapidly 
appears in the lymph of the retrosternal lymphatics and stains deeply 
the retrostemal lymphatic nodes. 
Trypan blue injected into the site of inflammation in the subcuta- 
neous tissue or in the peritoneal cavity is fixed in the inflamed area and 
fails to reach the regional lymphatic nodes. 
If an inflammatory reaction has been produced in the dermis or in 
the  subcutaneous  tissue,  trypan  blue  injected into  the  circulating 
blood enters the site of inflammation and is fixed so that the tissues 
are deeply stained. 
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